ABSTRACT
INTRODUCTION
Microwave ablation (MWA) is a technique which is used to destroy tumours and soft tissues by using microwave energy to create coagulation and localized tissue necrosis. It is used to treat the tumours which are considered to be inoperable and used to treat those patients who are ineligible for surgery due to some factors. Microwave ablation is performed as an open procedure eg laparoscopically, percutaneously under image guidance (ultrasound, computed tomography and magnetic resonance imaging) with sedation, or local or general anaesthesia (1) .
Microwave ablation technique uses the microwave energy (2.45 GHz) and alternating electric field which cause rotation and production of heat. In MWA, a single microwave antenna or multiple antennae connected to a generator are inserted into the affected area or at the point of tumour to be ablated. Energy from these antennae is generated and produces friction and heat. The heat coagulates with the tissue and produces a small area of ablation. If the tumour is greater than 2 cm in diameter then multiple antennae are used for ablation (2) .
Liver cancer is the sixth most common cancer in the world (3). In males, it is the fifth most common cancer, while in females it ranks seventh (4). In spite of it being the sixth most common cancer worldwide, liver cancer is associated with more mortalities than many other cancers. This is evident from the fact that it is the third most common cause of cancer-related deaths worldwide in both genders (5) . Lung cancer is by far the most common cancer in the world as well as the most common cause of cancer-related deaths, followed by stomach cancer as the second most common cause of cancer-related deaths in both genders of all ages (5) .
According to the World Health Organization's subsidiary International Agency for Research on Cancer (IARC) reports, in the year 2008, 748 000 new liver cancer cases were recorded, and it was responsible for 696 000 deaths in the year 2008 alone (6) . Around 85% of the total liver cancer cases occurs in less developed countries. It is also important to note that more than 50% of all liver cancer cases occur in China alone. These data point out the gravity of the situation and also the important variations in liver cancer incidence around the world (6) . Hepatocellular carcinoma (HCC) is the major form of liver cancer that involves the primary functional cells of liver ie hepatocytes. Hepatocellular carcinoma accounts for 85-90% of all liver cancer cases (7) . Multiple aetiological factors are responsible for HCC. Infection with the two most dangerous hepatitis viruses, namely hepatitis B virus (HBV) and hepatitis C virus (HCV), has been recorded as the underlying aetiology in more than three-fourths (78%) of total HCC cases (6) . Other important factors which are responsible for HCC include exposure to fungal toxin (aflatoxin), hemochromatosis, chronic alcoholism and anabolic steroids. All these factors combined account for only 22% of total HCC cases (6, 8) .
Hepatitis B virus is the most common cause of HCC and accounts for around 53% of total HCC cases alone worldwide. However, contrary to worldwide trend, HCV is a more common aetiology underlying HCC in certain areas of high HCV prevalence. These areas include Japan, Pakistan and Egypt. Moreover, with the introduction of a vaccine against HBV and the availability of effective therapeutic options, incidence of HBV infection is expected to decline markedly in the coming years. However, no vaccine is available as yet for HCV and the therapies available have been found to be less effective. Therefore it is expected that in coming years, HCV will take over as the most common cause of HCC worldwide (9) .
The main objective of this study is to evaluate the use of MWA in the treatment of liver cancer.
SUBJECTS AND METHODS
The study was conducted in accordance with the principles of medical research ethics set forth by the Declaration of Helsinki (2008), a set of ethical principles promulgated by the World Medical Association (WMA). All patients included in the study provided an informed consent and the patients' details were kept anonymous except for the two persons directly involved in data accumulation. As per WMA principles, the patients were duly assigned code numbers and any further analysis of patient data used the assigned code numbers instead of original name or any other identifications.
The data were collected from Department of Ultrasound, Harbin Medical University Cancer Hospital. From July 2010 to August 2011, a total of 123 patients with liver tumours was referred to Harbin Medical University Cancer Hospital. One hundred patients were selected for this study and treated with MWA. The study group contained 64 (64%) males and 36 (36%) females with an average age (± SD) of 52 (± 5.1) years. Exclusion criteria were on the basis of the following points: age older than 70 years, more than five intrahepatic nodules and presence of extrahepatic metastasis.
Liver function tests were performed for the evaluation of liver efficiency. For this purpose, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), serum albumin and alpha-fetoprotein were performed. Computed tomography (CT) was also performed for the evaluation of liver efficacy. The number of patients with single tumour nodule was 84 (63.9%) and those with two tumour nodules were 16 (36.1%). A total of 88 tumour nodules sized 2-5 cm with an average diameter (± SD) of 4.2 (± 0.9) was treated. Serum creatinine and complete blood profile were also used for the evaluation purpose.
Microwave ablation was performed percutaneously under real time ultrasound guidance using a BSD Medical Cor- poration's MicroThermX Microwave Ablation System (MTX-180) with a 3.5-5 MHz probe. The ablation procedure was done by using general anaesthesia. This microwave delivery system consists of a generator, an output power and electrodes to deliver microwave energy to the liver tissues. The skin was prepared for ablation. A guide needle with a sheath was inserted and positioned at the designated place of the tumour under sonographic guidance then the guide needle was pulled out. The tip of the electrode was placed at the bottom of the lesion about 0.4-0.6 cm inside the tumour margin after which it was connected to the generator and the energy application was started. If the tumour was < 3 cm, then we stopped the treatment at this point, otherwise, the direction was changed and the needle moved backward. The procedure was performed two to three times according to the size of the tumours.
RESULTS
The study included all the cases from July 2010 to August 2011, 100 patients with liver tumours that fulfilled the inclusion criteria. The study group contained 64 (64%) males and 36 (36%) females with an average age (± S.D) of 52 years (± 5.1). All the patients completed the MWA procedure carefully and average time for ablation was 10 minutes. The technical success rate for the tumour was very high (Fig. 1). alpha-fetoprotein values showed that values significantly declined with time.
The contrast-enhanced transverse CT scans were shown with two HCC nodules (Fig. 3) . Pretreatment scan revealed a 1.3 cm HCC and 2.2 cm HCC (Fig. 3A) . The scan obtained one month after percutaneous microwave coagulation therapy (PMCT) depicted a non-enhancing hypo-attenuating area at previously mentioned sites of tumour nodules (Fig. 3B) . Pre- Microwave ablation success rate was high in the tumour size less than 3 cm as compared to the tumour greater than 3 cm. The demographic characteristics were also calculated before the treatment of microwave ablation (Table 1) . A demographic characteristic shows that there is a high level of liver enzymes after MWA (Table 2) . During this limited period, none of the patients died and no new lesions were detected. Alpha-fetoprotein was considered to be a very important factor of liver efficacy. So, it was measured at every point (Fig.  2) . Comparison between preoperative versus the postoperative ALT -alanine aminotransferase; AST -aspartate aminotransferase; ALP -alkaline phosphatase; TP -total protein; Hb -haemoglobin Table 2 : Clinical parameters of patients after microwave ablation
ALT -alanine aminotransferase; AST -aspartate aminotransferase; ALP -alkaline phosphatase; TP -total protein; Hb -haemoglobin treatment contrast-enhanced image depicted a 4.5 cm enhancing area [arrow] (Fig. 3C) . Contrast-enhanced scan three months after PMCT showed a non-enhancing hypo-attenuating area (Fig. 3D) . The contrast-enhanced transverse CT scans with solitary HCC was also shown (Fig. 4) . Pretreatment contrast enhanced scan revealed a 3.5 cm enhancing HCC (Fig. 4 A) . Scan obtained one month after PMCT depicted a non-enhancing hypoattenuating area with evident safety margin (Fig. 4B) .
In our study, no complication occurred related to the ablation procedure. Forty-eight patients had a moderate fever, which lasted one to two days. In two patients, a small discharge from the puncture wound occurred in the initial days after therapy. No other clinically relevant complications were observed.
DISCUSSION
Microwave thermal ablation is considered to be the most powerful tool for the treatment and management of HCC (10) . In recent years, the potential role of microwave ablation has become increasingly apparent; microwave device and antenna have been greatly improved (11) . In this study, a 2450 MHz internally cooled-shaft antenna was used (12) .
This study reports the first initial utilization of this type of microwave technology in the management of HCC at our institution. Microwave ablation appeared to be a well-tolerated treatment in our patients. Cell-free DNA in the serum/ plasma is believed to originate from the dead cells. In a cancerous patient, quantity of cell-free DNA is markedly increased due to increased turnover of cellular division and death. This fact has been exploited for clinical diagnosis of a variety of cancers. This circulating cell-free DNA can also be used for promoter methylation profiling of tumour tissue as many studies have suggested a concordance of DNA methylation profiles between the tumorous tissue and the circulating cellfree DNA from a single patient (13) . Our results confirm the utility of cell-free DNA for epigenetic profiling as we found a high level of concordance between the methylation levels in tissue samples and cell-free DNA in all the genes. The concordance ranged between 70 and 90%.
To our knowledge, there are only a handful of studies which have investigated the link between promoter hypermethylation and prediction of response to therapy. In a study by Hamilton et al, it was found that the number of genes methylated in responder patients was considerably lower than those in patients who responded well to the therapy (14) .
The limitation of our study is that it was a short-term preliminary study.
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